Introduction: Tadalafil and Tamsulosin have both been approved for use in the management of lower urinary tract symptoms (LUTS) secondary to benign prostatic hyperplasia (BPH). This study compared the differential effects of these two on BPH-LUTS using a cross over study design. Methods: Men ≥45 years of age, with an International Prostate Symptom Score (IPSS) ≥8 due to BPH-LUTS were included. The patients were randomized into sequence AB (tadalafil 10 mg OD followed by tamsulosin 0.4 mg OD) or BA in a double blind manner. All patients received a placebo lead-in period for 2 weeks, followed by an active drug for 6 weeks; placebo wash out for 4 weeks and then crossed over to second active drug for another 6 weeks. IPSS scores, Uroflowmetry parameters and International Index of Erectile Function-5 scores were recorded. Results: Out of the 40 patients, 36 completed the study. Demographic and baseline characteristics were comparable between the two groups (AB and BA). No significant placebo effects were observed. Tadalafil and tamsulosin significantly improved the total IPSS score and quality of life (P < 0.05) as compared to the baseline. However, there were no significant differences between the two drugs with respect to extent of observed effect and which drug was prescribed 1 st in the sequence respectively (P > 0.05). Significant period effect was observed (P < 0.05) i.e., the symptoms did not return to the baseline before the second treatment. Half of the nonresponders to either of the drugs responded when the drug was changed to the other. Tadalafil showed better improvement in EF score as compared to Tamsulosin. Conclusion: Both Tadalafil and Tamsulosin improved LUTS and erectile function and those patients who did not respond to Tadalafil showed improvement with Tamsulosin and vice-a-versa.
INTRODUCTION
BPH and sexual dysfunction is often co-existent in ageing males. Population based and longitudinal studies have shown a strong correlation between erectile dysfunction (ED) and lower urinary tract symptoms (LUTS) secondary to BPH. Sexual disorders and their related bother has been found to correlate strongly with age and the severity of LUTS, independent of the other co-morbidities. [1, 2] Although a causal link between LUTS and ED is not well established, four main pathophysiological mechanisms, with varying degrees of overlap currently support this relationship. [3] Several studies have been conducted in men presenting with LUTS consistent with benign prostatic hyperplasia (BPH-LUTS) with and without concomitant ED to determine whether phosphodiesterase type 5 inhibitors (PDEIs) are effective for the treatment of symptomatic BPH. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] They demonstrated that PDE-5 inhibitors are efficacious both alone and in combination with an alfa blocker in treating LUTS. [7] [8] [9] [10] [11] [12] The current scientific evidence is insufficient to predict the differential response of either of the drugs and response of one of the agents when there is no response to the other for the treatment of LUTS. Hence, the best way to compare the efficacy would be a cross-over study design. Moreover, the sequence effect of these two agents has never been studied before. Thus the present study was designed to compare the efficacy of tamsulosin and tadalafil with regard to LUTS and ED in cases of BPH in a crossover design. The primary objective was to compare the magnitude of effect of Tamsulosin and Tadalafil in relieving BPH-LUTS using International Prostate Symptom Score (IPSS). Comparison of improvements in erectile function, assessments of residual effects on BPH-LUTS symptoms and safety of the two drugs were the secondary end points.
METHODS

Patient characteristics
Men of 45 years of age or older with LUTS secondary to BPH with an IPSS >8 were screened. Those with prostate cancer, LUTS with neurological diseases, stricture urethra, urinary tract infections, episode of acute urinary retention within 4 weeks of initiation of the study, contraindications to the investigational drugs, and those unwilling to participate in the study were excluded. Patients with prior exposure of 5ARI or PDEI were also excluded. Those patients who satisfied the inclusion and exclusion criteria and provided a written informed consent were included in the study. A detailed medical history including history of present medication, general and systemic examination, basic laboratory investigations-hematology, renal function tests, urine analysis, Serum prostate-specific antigen values and urine culture were performed and recorded in the case record form. All patients entered into a 2 week of placebo (P2) lead-in period before randomization, irrespective of their previous alpha blocker intake or drug naive status.
Randomization and blinding
The patients were then randomized into one of the two sequences in a double blind manner (A-P4-B or B-P4-A), by using a computer generated random numbers. The two drug treatment interventions (A) Tadalafil 10 mg once daily (B) Tamsulosin 0.4 mg once daily were administered for a period of 6 weeks and with an intervening 4-week period of placebo (P4) wash out, then cross over to the second active drug for 6 weeks. The original appearance of the both the drugs and placebo were masked to look identical. They were packed in blister packs in a GMP (good manufacturing practices) certified facility. The allocation was concealed from the investigator who recruited the patients and assessed the outcomes. The execution of randomization, allocation concealment and dispensing of the medications were performed by another investigator who was not involved in the patient enrolment. The patients and the investigator who recruited them from the outpatient clinics were blinded to the treatment assignment [ Figure 1a ].
Assessments and follow-up
LUTS was assessed by IPSS and International Index of Erectile Function (IIEF-5) questionnaire. Voiding was assessed by Uroflowmetry and postvoid residual volume measurement. After baseline, the first follow-up visit was at the end of 2 weeks of placebo lead-in period. The second follow-up visit was at 8 weeks i. e. after the completion of first treatment period (either Tamsulosin or Tadalafil treatment taken for 6 weeks). The third follow-up visit was at 12 weeks i.e., at the end of the second placebo period or earlier if they find any difficulty or discomfort that warrants consultation. And the fourth follow-up was at 18 weeks. The points for follow-up were the 2 nd last day or last day of the 6-week treatment period. The IPSS-total score, IPSS-voiding score, IPSS-storage score, IPSS-QOL score, PVR, corrected Q max and IIEF score were recorded at baseline and at all the follow-up visits. Patients were provided with 2 weeks of therapy along with compliance assessment sheet and were required to report at each follow-up visit. Further therapy was given at the follow-up till the next follow-up visit to ensure compliance. They were advised to preserve the emptied blister packs of the drugs and mark in the compliance assessment sheet for the days on which they had taken the drug. Compliance was assessed from the compliance assessment chart and the emptied blister packs of the drugs. A compliance rate of 80% or more was considered adequate. The patients were also enquired about any drug related side effects.
Statistical analysis
The sample size calculation was performed with a null hypothesis that there is no difference between tamsulosin (4 mg OD) and tadalafil (10 mg OD) for improving the IPSS-total in patients with BPH-LUTS in a randomized, double-blind, cross-over, non-inferiority study. So for a noninferiority margin of 3 point improvement in IPSS-total (as per the AUA 2010 guidelines), a standard deviation (SD) of difference between the treatments as 1.5, an alpha error of 0.5 and a beta error of 0.1 (power of the study 90%), the sample size for each cross-over phase was found to be 12. Assuming a 20% loss to follow-up the total sample size required for the cross-over study was 30. And we planned to recruit 40 patients in this study.
Data was expressed as mean + SD, scores (median and inter quartile range) or proportions as appropriate. Data sets were examined for their distribution pattern. The effect of treatment was assessed by applying repeated measures ANOVA and one way ANOVA. The effect of period, sequence and their interaction with treatment were also evaluated. Unpaired t-test and Chi-square test were applied as appropriate. A P < 0.05 was considered statistically significant.
RESULTS
The study commenced after obtaining the ethics committee IRB approval. Ninety two patients were screened and 40 patients were included for the study. Twenty patients were allocated to each of the two treatment groups in a randomized double blind manner. A total of 36 patients completed the study [ Figure 1b ].
Primary outcome
The baseline parameters between the two groups were similar and there was no statistically significant difference between them [ Table 1 ].
The analysis was first performed in the AB group (tadalafil followed by tamsulosin) and the BA group (tamsulosin followed by tadalafil) as a whole and then inter group. For simplistic representation, erectile function outcomes which was one of the secondary outcomes, is represented along with various IPSS parameters.
Effect of the treatment with respect to baseline in each of the treatment groups
In the AB group, the mean change during 2-8 weeks in IPSS-total score was -7.10, IPSS-voiding score was -5.36, IPSS-storage score was -1.73, IPSS-QOL score was -1.21, PVR was -13.00, corrected Qmax (cQmax) was + 0.06 and IIEF score was +2.72. There was significant change in IPSS-total score (P = 0.00), IPSS-voiding score (P = 0.00), IPSS-storage score (P = 0.00), IPSS QOL score (P = 0.00) and IIEF scores (P = 0.02) with Tadalafil. There was no significant change in PVR (P = 1.00) and cQmax (P = 1.00). The mean change during 12-18 weeks in IPSS-total score was -3.47, IPSS-voiding score was -2.63, IPSS-storage score was -0.84, IPSS-QOL score was -0.73, PVR was -36.15, cQmax + 0.03 and IIEF score was +2.20. There was significant change in IPSS-voiding score (P = 0.02) with Tamsulosin. There was no significant change in IPSS-total score (P = 0.06), IPSS-storage score (P = 0.60), IPSS-QOL score (P = 0.150), PVR (P = 1.00), cQmax (P = 1.00) and IIEF score (P = 0.19) with Tamsulosin [Table 2 ].
In the group BA, the mean change during 2-8 weeks in IPSS-total score was -6.29, IPSS-voiding score was -4.58, IPSS-storage score was -1.70, IPSS-QOL score was -1.52, PVR was -41.23, cQmax was + 0.07 and IIEF score was +2.20. There was significant change in IPSS-total score (P = 0.00), IPSS-voiding score (P = 0.00), IPSS-QOL score (P = 0.00) and in IIEF-5 scores (P = 0.02) with Tamsulosin. There was no significant change in IPSS-storage (P = 0.10), PVR (1.00) and cQmax (P = 1.00) with Tamsulosin. The mean change during 12-18 weeks in IPSS-total score was -2.588, IPSS-voiding score was -1.47, IPSS-storage score was -1.11, IPSS-QOL score was -0.52, PVR was -21.94, cQmax was +0.05 and IIEF score was +4.13. There was no significant change in IPSS-total score (P = 0.23), IPSS-voiding score (P = 0.76), IPSS storage score (P = 0.16), IPSS-QOL score (P = 1.00), PVR (P = 1.00) and cQmax (P = 1.00) but a significant change was noted in IIEF score (P = 0.01) with Tadalafil [ Table 2 ].
Overall drug effect
The mean difference in IPSS-total score, IPSS-voiding score, IPSS-storage score, IPSS-QOL score, PVR, cQmax and IIEF score between Tadalafil and Tamsulosin was 0.03, 0.19, 0.15, 0.26, 21.22, 0.04 and 1.55 respectively. The difference in IPSS-total score (P = 0.97), IPSS-voiding score (P = 0.84), IPSS-storage score (P = 0.77), IPSS-QOL score (P = 0.40), PVR (P = 0.37), cQmax (P = 0.47) and IIEF score (P = 0.17) between Tadalafil and Tamsulosin was statistically insignificant. To verify the results of ANOVA, the data was analyzed as per its distribution pattern. IPSS-total score, IPSS-voiding score, IPSS-storage score, IPSS-QOL score and cQmax were found to be normally distributed, PVR and IIEF were not. Unpaired t-test and Mann-Whitney U test were applied respectively [ Table 3 ].
Secondary outcomes
In order to assess the residual effect of treatment, period effect and sequence effect were analyzed.
Period effect
Period effect was assessed in two categories namely difference during the active drug treatment periods and difference during the two placebo periods.
Period effect of two active treatment periods (8 weeks and 18 weeks)
The mean difference in IPSS-total score, IPSS-voiding score, IPSS-storage score, IPSS-QOL score, PVR, cQmax and IIEF score between period 1 (A1+B1) and period 2 (B2+A2) was 3.66, 2.92, 0.74, 0.73, 1.93, 0.08 and 0.38. There was a statically significant difference in IPSS-total score (P = 0.00), IPSS-voiding score (P = 0.00) and IPSS-QOL score (P = 0.02) between period 1 and period 2 signifying a considerable period effect. There was no significant change in IPSS-storage score (P = 0.15), PVR (P = 0.93), cQmax (P = 0.20) and IIEF score (P = 0.73) between 2-8 weeks and 12-18 weeks. To verify the results of ANOVA, the data was analyzed as per its distribution pattern. IPSS-total score, IPSS-voiding score, IPSS-storage score, PVR and cQmax were found to be normally distributed whereas IPSS-QOL and IIEF were Table 4 ].
Period effect between two placebo periods (2 weeks and 12 weeks)
A significant period effect was observed in both the groups with respect to IPSS-total, voiding and IPSS-QOL. In the AB group, there was a significant change in IPSS-total score (P = 0.00), IPSS-voiding score (P = 0.00), IPSS-QOL score (P = 0.00) and an insignificant change in IPSS-storage score (P = 0.09), PVR (P = 0.77), cQmax (P = 0.671) and IIEF score (P = 0.41) between 2 weeks and 12 weeks. Similarly in the BA group, there was a significant change in IPSS-total score (P = 0.02), IPSS-voiding score (P = 0.02), IPSS-QOL score (P = 0.00), IIEF score (P = 0.03) and an insignificant change in IPSS-storage score (P = 0.18), PVR (P = 0.09), cQmax (P = 0.84) between 2 weeks and 12 weeks [ Table 5 ].
Sequence effect of treatment
To see which sequence AB or BA was better, repeated measure ANOVA was applied between group AB and BA. The mean difference in scores IPSS-total (P = 0.77), IPPS-voiding (P = 0.55), IPSS-storage (P = 0.78), IPSS-QOL (P = 0.38), PVR (P = 0.45), cQmax (P = 0.71) and IIEF score (P = 0.81) were found to be insignificant, implying that there was no sequence effect [ Table 6 and Figure 2 ].
Safety
Out of the forty patients randomized for the study, four patients dropped out. Three of these were found to be on Tamsulosin treatment, revealed at the end of the study period. One patient dropped-out because of worsening of LUTS, fatigability, myalgias and orthostatic hypotension, the second one was lost to follow up and the third one discontinued as he was diagnosed as a case of CLL and had febrile illness during the study. There was one patient whose LUTS worsened while on Tadalafil. Four patients on tadalafil and three patients on tamsulosin had Epigastric discomfort, which was relieved by proton pump inhibitors. Two patients had myalgia's, one had calf pain, one complained of decreased seminal volume and one patient developed herpes zoster during the study while on tadalafil. Adverse events were higher with Tadalafil but were self-limiting, easily manageable and did not lead to drop outs [ Table 7 ].
Subgroup analysis Clinical response with Tadalafil and Tamsulosin (A1, B1, B2, A2)
Patients with >3 point improvement in their IPSS-total were considered responders, according to the AUA guidelines 2010 (minimally clinical important difference, change >3 score). In group AB, thirteen patients out of nineteen patients responded with Tadalafil (A1). When they were crossed over to Tamsulosin (B2), six continued to have >3 point improvement, seven patients failed to attain a 3 point improvement and three previous nonresponders (3/6; 50%) showed >3point response. In group BA, twelve patients out of seventeen patients responded with Tamsulosin (B1). When crossed over to Tadalafil (A2), three patients continued to have >3 point improvement, nine patients failed to attain the 3 point improvement and three previous nonresponders (3/5; 60%) became responders. period 2 (A1, B2, B1, A2) In group AB, there was a significant improvement in erectile function in period 1 ( 
Clinical response in patients with prior erectile dysfunction with Tadalafil and Tamsulosin when given in period 1 and
DISCUSSION
LUTS and ED, both impact the quality of life of an individual patient. Alfa blockers, which are the standard of care for BPH related urinary symptoms, have not shown consistent improvement in the erectile function, though there are some studies that report improvement. [19] [20] [21] PDEI, which are the standard of care for ED, have been shown to cause a significant improvement in LUTS in patients with BPH in various studies, along with a remarkable effect on erectile function [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] 22, 23] which has led to the US-FDA approval of tadalafil (2.5 and 5 mg) for treatment of LUTS consistent with BPH with or without ED.
Although both the classes of drugs have been shown to significantly improve LUTS when used as monotherapy and an additive effect has also been reported in a few studies, [7, 9, 11, 12] there are many clinical questions which remain undefined.
(1) which of the two drugs is better in a given patient? (2) how a patient, who has an initial reasonable response with one of the drugs, would respond to the other drug, which may be started if there is a gradual loss of therapeutic efficacy (3) whether a nonresponder with one of the drugs would show response with the other drug (4) Are there any specific patient clinical or uroflometric parameters that could guide the physician to choose one class of drug over the other.
This study was a pilot project with an aim to obtain the statistical data required for a larger study which can answer the above queries in our setting. We intended to evaluate the effect of both Tamsulosin 0.4 mg OD and tadalafil 10 mg OD on LUTS in the same patients prescribed as mono-therapies in separate periods of 6 weeks duration each, in a randomized double blind crossover manner. LUTS were evaluated by IPSS, uroflow parameters like Qmax and PVR were recorded and cQmax was calculated from Qmax. ED was assessed by a self administered IIEF-5 questionnaire. It appears from the analysis of the study results that there is no difference between tamsulosin 0.4 mg and tadalafil 10 mg with regard to the relief of LUTS. The clinical improvement in IPSS-total score with tadalafil and tamsulosin was seen in approximately 70% of the patients in our study. This is the clinical response criteria as per the AUA guidelines which suggests a >3 point decrease in total IPSS score from the baseline is indicative of a clinically meaningful improvement and this change is also consistent with that observed in other published tamsulosin and tadalafil studies. [9, 10, [12] [13] [14] [15] 17, 18] Our study provides some insight on how these two active medications behave over different time lines, and how much is the placebo effect. We did not find a significant placebo effect in the lead-in period or in the first washout period even though a few patients were already on alfa blockers at the entry into the study (4 in AB group and 4 in BA group). These findings were supported by the significant improvement in various IPSS and QOL scores after the first treatment period. However, the improvement on various IPPS parameters was seen primarily during the first treatment period and not so much during the second treatment period. This was evident because the scores at 12 weeks were significantly lower than that at 2 weeks [ Table 4 ], both in the tadalafil first (AB) and tamsulosin first (BA) groups. Thus showing a significant period effect in some of the assessed parameters. This could be explained by the fact that the scores did not return to baseline at the beginning of the second treatment period, indicating that the 4 week placebo period was inadequate and a longer period (>4 weeks) is required. However, it could also be due to the continued effect of the drug even after complete washout. We did not perform a pharmacokinetic assessment of active drug which could have differentiated between the two. Such a period effect is commonly observed in a controlled setting like a clinical trial, where the urinary symptoms continue to improve on placebo despite discontinuation of the active treatment. Thus, if the duration of trial is long, subjective scores depict higher response rates as shown in the alfuzosin and tamsulosin cross-over trial by Karadağ et al. [14] Since the IPSS and IIEF are subjective perception scores, they remained elevated even during the placebo washout period and did not return to baseline. However, there was no sequence effect, meaning that the magnitude of response is the same whether tamsulosin is given first or tadalafil is given first, implying the equi-effectiveness of both the drugs.
Another striking finding of our study is that nearly half of the nonresponders to either of the medications (tamsulosin or tadalafil) showed a clinical response when the drug was changed to the other. Thus the patients who do not respond to alfa blockers, PDEI may be helpful in alleviating the symptoms of LUTS and vice a versa. Patients also had a significant improvement in their erectile function which was better in the tadalafil first group, however even the tamsulosin first group showed a significant improvement in erectile function. This strengthens the theory of possible pathophysiological association between BPF-LUTS and ED. The observation that when tadalafil was crossed over to tamsulosin, there was a significant improvement in IPSS voiding, while when tamsulosin was changed over to tadalafil there was a significant improvement in IIEF score over the, hints about predominant effect of these two classes of drugs.
Limitations of the study
There are a few limitations of our study. We did not evaluate the prostate size of the patients during enrollment and we do not know how this variable might have influenced the efficacy of drugs in improving LUTS/BPH. However, there is no consensus regarding the association between the size of the prostate and severity of LUTS. Secondly, the sample size is small and these findings need to be confirmed in a large database for further recommendations. Third, as the LUTS parameters did not return to baseline during the 4 week placebo wash out period, the treatment effect in period 2 (12 weeks to 18 weeks) could not be specifically evaluated. Fourth, the men enrolled in the trial may represent a highly motivated sample, seeking medical advice for their LUTS and ED, which may not represent the true association of these two conditions overall.
We conclude that both Tadalafil and Tamsulosin significantly improve LUTS and erectile function. Half of patients who did not respond to Tadalafil may improve with Tamsulosin and vice-a-versa. Larger prospective randomized studies in Asian men with LUTS are required to identify the patient related parameters that may predict a better response with one drug over the other.
